ABSTRACT: This study investigated, both histologically and histometrically, the efficacy of enamel matrix derived proteins (EMD) associated with bioactive glass (BG) and an absorbable membrane in the treatment of class III furcation defects in mongrel dogs. After surgical defect creation and chronification, the lesions were randomly divided into three groups according to the treatment employed: Test Group 1 -EMD + BG + membrane, Test Group 2 -EMD + membrane and Control Group -BG + membrane. After a 90-day healing period, the dogs were sacrificed. The descriptive analysis and the histometric data showed similar results for the experimental groups in all studied parameters (MANOVA, p > 0.05). The association of Emdogain ® with bioglass and GTR, or with GTR only, showed similar results when compared with the ones obtained with bioglass associated with membrane in the treatment of class III furcation defects in dogs. The three modalities of treatment showed partial filling of the furcations, with bone and cementum regeneration limited to the apical portion of the defects.
INTRODUCTION
Periodontal regeneration with complete resolution of bone defects still remains a challenge in periodontics, mainly when large defects such as class III furcation are concerned 13, 15 . Guided Tissue Regeneration (GTR) has been the most widely studied technique for the treatment of furcation and intraosseous defects, solely 2, 13, 15 or in association with other biomaterials 3, 14, 16 . Among these, bioactive glass is an alloplastic material that has shown favorable results regarding the reduction of probing depth, clinical attachment gain and filling of bone defects 1, 18, 22 . However, there is still low success predictability in the treatment of class III furcation defects 6 . Recently, proteins derived from porcine fetal enamel matrix have been investigated as an alternative for periodontal regeneration. Their use is based upon their ability to form acellular cementum, which is important for the formation of new bone tissue and periodontal ligament 9, 10 .
This protein complex, in vitro, increases the migration and proliferation of cells from the periodontal ligament 7 , and the formation of acellular cementum, periodontal ligament and alveolar bone 3, 9, 10, 21 . Clinically, in intraosseous defects, it leads to expressive reduction in probing depth and gain in attachment level 12, 20 . The use of enamel matrix derived proteins (EMD) for the treatment of class III furcation defects was assessed by Araújo, Lindhe 3 (1998) . Favorable results were observed regarding periodontal regeneration; however, they were similar to the ones obtained solely with GTR. New studies to assess this form of treatment, including the association of EMD with other biomaterials, are necessary.
The aim of the present study is to histologically assess, in dogs, the efficacy of enamel matrix derived protein associated to GTR and bioactive glass in the treatment of class III furcation defects.
MATERIALS AND METHODS
A total of 20 teeth, lower 2 nd and 4 th premolars of five mongrel dogs, were used. For clinical interventions, the animals were sedated using dihydrotiazine IM (4 mg/kg) (Rompum ® -Bayer do Brasil S/A, São Paulo, SP, Brazil) and anesthetized with sodium thiopental IV (12 mg/kg) (ABBOTT Laboratórios do Brasil Ltda., São Paulo, SP, Brazil). Four and 5 mm high class III furcation defects were created, respectively, on the 2 nd and 4 th premolars. After the reflection of a mucoperiosteal flap, osteotomy followed by vigorous scaling of the root surface was performed. Bone cavities were filled with gutta percha (Odahcam, Herpe Produtos Dentários Ltda., Rio de Janeiro, RJ, Brazil) to avoid spontaneous regeneration of the defects 5 . Extraction of the lower 1 st and 3 rd premolars was performed to facilitate the repositioning of the flaps, which were coronally sutured (Ethicon 4.0, Johnson & Johnson, São Paulo, SP, Brazil).
After a week, sutures were removed. The animals were kept with no oral hygiene control and a soft diet for eight weeks to favor plaque accumulation. Afterwards, the gutta percha was removed and the animals received supragingival scaling and dental prophylaxis. A week later, mucoperiosteal flap was raised in the region and displaced in such a way to expose the furcation defects ( Figure 1 ). The defects were submitted to curettage (Neumar, São Paulo, SP, Brazil) and the root surfaces were scaled and planned. Then, a reference notch was done using a #1/2 carbide bur (KG Sorensen, São Paulo, SP, Brazil) on the root surface of the defect, on the alveolar bone crest level, to help the delimitation of the defect during histological analysis. Teeth were randomly divided into three groups according to the treatment form, providing that each dog had, at least, one tooth in each group:
Test Group 1 (G1) -root surfaces were conditioned with 24% EDTA (Farmácia Santa Paula, Araraquara, SP, Brazil) for two minutes with cotton pellets rubbed on the surface and changed each 30 seconds. The root surface was rinsed with saline and Emdogain  (Biora Inc., Chicago, IL, USA) was applied according to the manufacturer's instructions. The defects were filled with bioactive glass (PerioGlass Test Group 2 (G2) -the defects received the same treatment described in Test Group 1, except for the placement of the bioactive glass.
Control Group (G3) -the defects received the same treatment described in Test Group 1, except for the placement of Emdogain ® and root conditioning with 24% EDTA.
At the end of surgery, the dogs received IM injections of antibiotics (penicillin G benzathine, 40.000 UI/kg -Fort Dodge Saúde Animal Ltda., Campinas, SP, Brazil) and analgesics (dipyroneMagnopyrol ® , ABBOTT Laboratórios do Brasil Ltda., São Paulo, SP, Brazil, 2 ml/10 kg) as postoperative medications. The animals were kept for 90 days with soft feeding to avoid suture rupture or displacement of the graft material. Over this period, plaque control by application of 2% chlorhexidine gel (Farmácia Santa Paula, Araraquara, SP, Brazil) was performed, five days per week. Sutures were removed 10 days after the surgery.
After the 90-day period, the animals were sacrificed by means of an overdose of sodium thiopental. Teeth were removed in blocks, fixed in formalin and decalcified in Morse solution. Routine histologic processing and paraffin embedding were carried out, and 5 µm thick tissue slices were obtained from the tissue blocks longitudinally, in a mesiodistal direction, in a way to obtain a panoramic view of the furcation area.
For histometric and descriptive histological analyses, five cuts were selected, including the first and the last ones, which evidenced the reference notches in both roots. These two cuts served as reference for the selection of the other three that were selected in a way to show a constant distance among them. The cuts represented the vestibular, lingual and median portions of the furcation in a buccolingual direction. These selected sections were stained with hematoxylin and eosin (H/E) and Masson's Trichrome.
For the performance of a blind descriptive histological analysis, the slices were codified according to the animal and the group, in such a way that the observer was blinded. Software for digital image analysis (Jandel Sigma Scan Pro, Jandel Corporation, San Rafael, CA, USA) was used for the measurements (schematically represented in Figure 4 ).
The following linear and area measurements were obtained during the histometric analysis: Multivariate analysis of variance at a 5% level of significance was used to determine whether linear and area variables were influenced by different modalities of treatment.
RESULTS
For the descriptive histological and histometric analysis, seven teeth from group G1, six from G2 and four from group G3 were used, composing a total of 17 teeth (three teeth were lost during histological processing). (Figures 5 and 6 ) The notches produced on the root surface were partially or totally covered by new cellular cementum that extended in a coronal direction and varied in thickness and height. In contiguity, there were collagen fibers bundles of variable thickness inserted into the new cementum. In some teeth, formation of new bone was observed, limited to the region of the notches neighboring the collagen bundles.
Descriptive histological analysis

Test Groups 1 and 2 -
On the coronal region of the lesion, the collagen fiber bundles were interposed by leukocyte infiltration subjacent to a stratified epithelium. In proximity or in contact with the furcation roof, variable quantity of amorphous material was observed, which indicates bacterial plaque.
Control Group - (Figures 7 and 8 ) In this group, on the coronary portion of the defect, the 
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epithelial tissue was present with variable thickness. A subjacent inflammatory reaction mainly composed of mononuclear cells was present, probably due to the presence of bacterial plaque on the roof of the furcation. The new cementum and new bone formation was similar to that in test groups. In the notch level, negative areas suggested the presence of bioactive glass.
Histometric analysis
Data obtained in millimeter by histometric analysis were converted into a percentage relative to the total area or linear extension of each defect to minimize the interference of the size of teeth in the results of the analyses. Tables 1 and 2 show the results for descriptive statistics, and statistical analysis of linear and area measures. The multivariate analysis of variance did not show significant difference among the means of the groups for linear (p = 0.6822) and area measurements (p = 0.2297), in such a way that there is no statistical evidence that one treatment is different from the other.
DISCUSSION
The employment of regenerative techniques in the treatment of class III furcation defects has shown few favorable results for periodontal regeneration 6, 13, 15 . Recently, enamel matrix-derived proteins (EMD) have been used alone or associated with biomaterials and regenerative techniques in order to increase the amount of tissue regeneration. Although favorable results have been observed after the association with bone grafts 4, 11, 12 , studies that demonstrate the increment obtained by these techniques when EMD is added are still lacking.
In this study, EMD was associated with GTR and to bioactive glass or to GTR only, for the treatment of class III furcation defects. Among the materials that have been used for filling bone defects, bioactive glass represents a new class of synthetic materials. This material prevents differentiation of precursor cells into osteoclasts and has optimal capacity to promote osteoconduction as well as to induce differentiation of osteoprogenitor cells into osteoblasts 17 . 
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Several factors may influence the extension of the new cementum. The presence of remaining original cementum on the roots, the size of the defect, the level of epithelial migration, the presence of gingival recession, the occurrence of trauma in the site during the healing period and the observation time of the study are responsible for the variation of results among studies and among teeth of a particular study 8 . The reason for the employment of EMD in regenerative treatment is the formation of a new layer of acelular cementum 9, 10 . Araújo, Lindhe 3 (1998) verified formation of acellular and cellular cementum in the apical and coronary portions of class III furcation defects, respectively. Yukna, Mellonig 21 (2000) also observed the formation of two types of cementum in the treatment of intrabony defects in humans. However, in the present study, the neoformation of cellular cementum alone was observed, the same observed by Sculean et al. 19 (1999) when treating intrabony defects. However, the advantages of acellular over cellular cementum for periodontal regeneration are not clearly defined. Araújo, Lindhe 3 (1998) reported similar bone and periodontal ligament formation for control and test groups despite the fact that acellular cementum formation had been observed only in the test group.
In the assessment of bone filling in the defects, minimal bone formation was observed, limited to the basis of the defect, in the three groups studied. Similarly to the cementum formation, bone formation was also inferior when compared with the one observed in prior studies for regenerative treatment of class III furcation defects associated or not with Emdogain ®3,16 . Based on these results, it should be considered that the technique employed is only one of the factors that interfere with regeneration, and that other specific factors for each patient and defect are fundamental for the success of treatment. The results did not show histological differences among test and control groups. The latter was treated with GTR and bioglass only. It is important to mention that the number of animals is a fragile point to be considered and a limitation to find differences among groups. Nevertheless, periodontal regeneration was limited in all teeth, regardless the type of treatment. Of the three groups, Test Group 1 showed greater cementum formation (24.2% of the root extension of the defect), but with no statistical difference in relation to the other groups. These results do not corroborate the ones reported by Araújo, Lindhe 3 (1998) , who observed cementum formation in all the root extension of class III furcation defects with the use of EMD and membrane. Better results were also observed in other studies when regenerative techniques were employed for the treatment of class III furcation defects 13, 14, 16 .
